The Predicted Mean Vote (PMV) and the Predicted Percentage of Dissatisfied (PPD) indices are used to assess the indoor environment in terms of human thermal comfortdiscomfort. In this study, an experimental combined objective and subjective investigation of thermal comfort perception has been performed in students between 16-18 years old, in a non-air-conditioned school building. The objective approach included instrumentation measurements and data processing according to ISO 7730, whereas, the subjective one was based on answers collection following ISO 10551. The study is mainly devoted to the verification of Fanger's approach in a building, in free running conditions, under a mild (moderate) climate. The comparison between instrumentation data and questionnaire results presented an underestimation of the mean vote, predicting a cooler sensation than the actual one.
Introduction
Indoor environmental quality, consisting of visual, acoustic, thermal and air quality is important in terms of energy saving in buildings and occupants' productivity. Fanger (1970) developed a model for the thermal comfort assessment of an airconditioned environment, in moderate climatic conditions [1] . The model included the PMV index determination, which predicts the expected mean vote of the occupants on a 7-point ASHRAE scale [2] . A related PPD index predicts the percentage of the occupants dissatisfied [1] . The Fanger's model is assumed to work under minor variations of the physical variables in time, so that to be considered as steady-state model. Although PMV index is found to be reliable in air conditioned buildings, it has been criticized for its effectiveness in naturally ventilated ones, especially in warm climates. More precisely, it has been accused to predict a warmer thermal perception that the actual feeling of the occupants. To compensate the inconsistency, Fanger [3] proposed the use of correction factors: a) the expectancy factor, e, based on previous thermal experience of the occupants, ranging from 0.5 up to 1, that multiplies PMV and b) the activity level factor, based on the unconscious reduced activity of people, who feel warm in an environment. Another approach, with better performance on naturally ventilated buildings, is the development of the adaptive model, accepted in ASHRAE 55 [4] and ISO 7730 [5] . Unlike the Fanger's model, which assumes no possibility of controlling the environment, the adaptive model considers the user interaction including his behavior adjustment, physiological and psychological factors. The adaptive model is based on the mathematical correlation between neutral indoor temperature and multi-day averaged outdoor one. In school buildings, the relationship between thermal comfort and students' performance with regard to attention, concentration and learning has been firstly studied by Pepler and Warner (1968) , who concluded to the optimum temperature for best performance [6] . Thereafter, a lot of studies have been conducted on school buildings, especially, the last five years, due to the buildings' energy efficiency awareness and thermal comfort importance. These studies are either based on subjective (questionnaires) and/or objective (experimental instrumentation) surveys. The survey duration varies from less than a week up to a whole year [7] [8] [9] [10] [11] and corresponds to different architectural construction, in terms of material properties, window to wall ratio, shadings, etc. The number of responders varies from 28 [7] to 4000 [12] , in subjective type surveys, as by Mishra and Ramgopal [13] , there is not any specific requirement for a minimum number. Questionnaires, usually, ask for thermal sensation and preference, including a 7-point ASHRAE scale. On the other hand, objective surveys include measurements and recording of air temperature, air velocity, relative humidity and radiant temperature. Two more parameters, clothing level (clo) and metabolic rate (met) are also gathered, so that to calculate the PMV index [12] , [14] [15] [16] . The aim of the present study is to obtain the students thermal comfort perception by comparing questionnaire results of actual mean vote (AMV) and percentage dissatisfied (PD) according to Fanger's model and has been conducted, in a school building.
Results and Discussion
ASHRAE Standard 55-2004 defines Draft as "unwanted local cooling of the body caused by air movement". ASHRAE Standard 55-2004 further defines a metric which quantifies Draft in terms of what percentage of occupants will be dissatisfied with a space due to annoyance by the local Draft conditions. This "predicted percentage of people dissatisfied due to annoyance by draft" is called the Draft Rate [17] . The Operative Temperature is defined as a uniform temperature of a radiantly black enclosure in which an occupant would exchange the same amount of heat by radiation and convection as in the actual non uniform environment [18] . Furthermore, turbulence can be thought of as fluctuations in air flow. A steady flow of air would have low turbulence. An unsteady flow of air would have higher turbulence. But what is the meaning of "low" and "higher" turbulence? In this sense, Turbulence Intensity Is a uniform measurement scale which is needed in order to describe the "low" or the "high" turbulence in air flow [19] . The automatically calculated results of PMV, PPD, Turbulent Intensity and Draught Rate by the Comfortsense software as well as the measurements of the air velocity and temperature are presented in Table 1 , at time interval of 5min and for a total of 1.5h, starting at 11:00 am and ending at 12:30pm. The mean radiant temperature is defined as the uniform temperature of a hypothetical spherical surface surrounding the subject that would result in the same net radiation energy exchange with the subject as the actual, complex radiative environment [20] . The mean radiant temperature is calculated automatically, by the ComfortSense software, according to the following formula (1):
where, (TO) is the Operative temperature, (TA) is the air temperature, (MRT) is the mean radiant temperature and (A) is a parameter estimated from the relative air velocity, as per Table 2 .
Table2: Estimation of A parameter for mean radiant temperature calculation
The measurements obtained by the three probes of the ComfortSense system at the time of the questionnaires distribution (corresponding to the last measurement) is presented in Table 3 . The answers at the first question of the questionnaire "What kind of temperature change would you prefer during your presence at the hall?" are used to determine the PMV index. The resulting answers are presented in Table 4 . The answers at the second question of the questionnaire "What kind of temperature change would you prefer during your presence at the hall?" describe the preferred conditions of the students in the hall and are presented in Table 5 . (2):
where: (Q) is the value representing questionnaire vote (-3, -2…+3), k and (n) is the number of students answered at the questionnaire, j. According to Annex B of ISO 10551 [23], the AMV (PMV) value is used to calculate PD index, as per equation (3):
A comparison between the datalogger PMV, and the questionnaire AMV and PD indices at the time of questionnaires submission is presented in Table 6 . A graphical representation of the PMV indexes measured and obtained for students as well as for the teacher is illustrated in Figure 1 .
Figure 1: PVM -AMV votes
Data from the questionnaire and the measurements are further processed in a spreadsheet.
The comfort votes' statistical distribution from both the questionnaire as well as from the measurements is illustrated in Figure 2 . The processes results show that most of the students were feeling slightly cool in the classroom. However, the difference between measurements and questionnaire results are quite different. Finally, the environmental conditions in the hall do not meet the limit values suggested by the ASHRAE 55-2013 standard, as illustrated in Figure 3 . By observing the acquired data on Table 1 , all PMV values are negative throughout the whole measurements period. The lowest PMV values correspond to the beginning of the measurements session. By the time, PMV values are increasing reaching the value of -0.73 at the time of questionnaires distribution. This may be explained by the fact that the hall was empty and closed before students enter and measurements start. Due to the high density of students (100 students approximately) occupying the hall during the measurement period, the environmental temperature increased by almost 3°C, causing a more comfortable thermal sensation, reflected to the PMV values. Moreover, the PMV index obtained for the teacher is 0.05 which corresponds to a slightly warm sensation, due to the greater metabolic activity set to 1.6 instead of 1.2 for the students. The quite high relative humidity 70%, found in the hall (Table 3) , is a consequence of the lack of space heating regularly, since the hall is not daily but rarely used, combined with the outdoor climate conditions of the winter season. The average draught rate, which expresses the percentage of people predicted to be bothered by draught, is found to be around 14% by the data in Table 1 . With reference to the questionnaire results, the calculated absolute values of AMV judgment in Table 4 and preferred one in Table 5 are in consistency since both are found to be +/-0.32, which indicates that students had a good understanding of the thermal comfort perception, answering reasonably at the questionnaires. According to the findings, students felt slightly cool in the classroom and preferred a slightly warmer environment. According to the answers, the dissatisfied people in the hall were only 7.07%. Although AVM values obtained by questionnaires and PMV by data logger in Table 6 are within the range of slightly cool perception, the later over predicts the cool sensation of the adolescents by 128%, providing a percentage dissatisfaction of 9.09% higher.
One of the reasons of such inconsistency might be the free running conditions in the lecture hall since the Fanger's model is supposed to perform better in air-conditioned environments. Furthermore, the metabolic activity of the adolescents is expected to be higher than adults due to their young age.
Another important consideration of the comparison between data logger and questionnaire results is the votes' distribution in Figure 2 . Results concerning AMV votes are scattered over the 7-point scale and more precisely among five regions (from slightly warm to slightly cool) whereas data logger results are concentrated in slightly cool and cool regions only. The observation is explained by the fact that the data logger results concern the whole measurement period whereas, the questionnaires were distributed at the end of the measurements period, when the hall was warmer by 3 o C as mentioned above. Adolescents might have filled in the questionnaire according to their instantaneous thermal perception rather than accounting the whole measurements period. Finally, the environmental conditions in the hall do not meet the criteria set neither by the ASHRAE 55-2013 standard nor by EN 15251, for having environmental conditions considered as acceptable for general thermal comfort, as illustrated in Figure 3 . The air temperature has to increase to 22°C from 20.3°C (which corresponds to the last measurement), remaining all other parameters constant in order to achieve the ASHRAE 55 compliance for thermal comfort. With reference to EN 15251, the air temperature must be increased by only 0.4°C to meet the requirements for thermal comfort.
Materials and Methods
The present study has been conducted, in a school building, to underage people and its aim is to obtain their thermal comfort perception by comparing questionnaire results of actual mean vote (AMV) and percentage dissatisfied (PD) according to Fanger's model with datalogger measurements, processed according to EN ISO 7730 for PMV and PPD indices and then to analyze their differences. The use of questionnaires constitutes a qualitative and subjective approach of thermal comfort, whereas the measurements constitute a quantitative and objective one, based on EN ISO 7730 standard. Moreover, the environmental conditions in the environment have been assessed for their compliance with ASHRAE 55-2013 and EN 15251 standards, of acceptable general thermal comfort. Questionnaire: A simple questionnaire was distributed to the students. The questionnaire used for obtaining the subjective judgment included two simple questions, formulated according to the recommendations of ISO 10551 standards [21] . The first one referred to the AMV and PD indices: "What is your perception of the environmental temperature during your presence at the hall?". The answer to this question was a seven point scale, varying from very hot (+3), hot (+2), warm (+1), neutral (0), cool (-1), cold (-2) up to very cold (-3). The second question referred to the adaptive thermal comfort: "What kind of temperature change would you prefer during your presence at the hall?". The answers included the same 7-scale judgment, as above. Personal information covering the age and sex of the responders was also gathered. The questionnaires were distributed to 19 students after 90min from the lecture start, while the physical parameters were recorded. Measurement set-up: The indoor microclimate conditions have been evaluated by using the "ComfortSense" system, manufactured by Dantec Dynamics A/S. The system is designed according to international standards, including ISO 7726 and ISO 7730, for evaluating the thermal sensation and discomfort of humans. It is fully customizable in terms of type and number of probes used and it is accompanied by application software for data acquisition and processing.
The measurement set up included different probes for acquiring the main physical variables:
• An air temperature and omni-directional velocity probe • a relative humidity probe and • an operative temperature probe All probes have been mounted on a suitable stand, in a point layout pattern, as illustrated in Figure 4 . Air speed and temperature were measured at height of 1.3m above the ground, whereas operative temperature was measured at a height 1.2m, with the probe clamped at 30° from the vertical, simulating a sitting person. Relative humidity was measured at 2.3m above the ground. The measurement set-up was arranged so that it could determine PMV/PPD and draughts at the neck. The whole work station has been positioned almost at the centre of the hall, replacing a room chair and thus, measurements were performed in a single point, as illustrated in Figure 5 . All the probes were connected to a data logging main unit. The measurements were setup through the application software, averaging a 10 seconds period, at intervals of five (5) minutes, for a total of one hour and a half. The measurements started with the students' arrival. The number of students present in the lecture hall was 100 approximately, however 19 of them filled in the questionnaire. Since thermal sensation is affected by clothing, a value of the "clo" parameter was estimated according to ISO 7730, assuming a uniform level of clothing for the average of the students, as illustrated in Table 7 . The mean "clo" level was found to be 0.69. However, it has to be mentioned that some of the adolescents were lightly dressed with sleeveless T-shirt and others were wearing a jacket. Thermal insulation from the wooden seat (0 clo) does not contribute to the total "clo" value. The level of metabolic activity chosen was that of sedentary one at a school, equal to 1.2. For the case of teachers, the metabolic activity is slight higher and equal to 1.6. Both "clo" and "met" parameters were setup through the software, before the measurements start. The case study: The secondary education school "2 nd Lyceum of Gerakas" is located in Gerakas, a north-east suburb of Athens, lying between the mountains Hymettus and Pendeli ( Figure 6 ) and is about 250m above sea level. The climate of Gerakas area is characterized "Mediterranean", with mild winters and dry summers. The warm dry season lasts from late May to mid-September. Rainfall occurs mainly during November and January, as well as snowfall. The mean annual temperature is 19.1°C, with August being the warmer month, when the temperature reaches 27°C and February the coolest one at 1.9°C. The minimum average relative humidity is observed in July and the peak in December. The school consists of different two-level buildings ( Figure 6 ). The indoor environment selected for measurements was a lecture hall located on the ground floor. The hall dimensions were 18.00x7.65x3.59m, while it was ventilated by operable windows in free running conditions. However, windows were closed during the measurements session ( Figure 5 ). The measurements were performed on 28 th January 2016, with an outdoor air temperature of 16°C and relative humidity of 75%. 
Conclusions
The aim of the present work was the objective and subjective investigation of thermal comfort perception in a non-air-conditioned lyceum school building. For this purpose, an experimental study which was accompanied by a subjective questionnaire survey was done. Results showed that the subjective feeling of human thermal comfortdiscomfort in an indoor environment, can be measured using the appropriate experimental equipment in a significant good level. Furthermore, Authors believe that future combined works concerning human thermal comfort-discomfort, indoor air quality and noise pollution are needed in order to analyze the indoor environment of a building from energy save and human health care perspective.
